Agricultural activities, as part of the natural resource management practice, impact soil and water quality at the watershed or catchment level. Field monitoring is often used to evaluate and acquire knowledge of the impacts of management practices on productivity and environment. Computer simulation models, after calibrated and validated, provide an efficient and effective alternative for evaluating the effects of agricultural practices on soil and water quality at the watershed level. The main objective is calibrate and validate the AnnAGNPS model relatively to runoff and peak flow using five hydrologic years data, for the rain and irrigation season. The study watershed is located in Portugal, and covers an area of 189 ha, divided into 18 fields belonging to four farmers. The climate is typically Mediterranean with continental influence, and the main crops are oat, tobacco, sorghum and maize. The calibration was done manually, but in a systematic away, in order to select values for the statistical parameters so that the model closely simulates runoff and peak flow. The results obtained in calibration and validation of the AnnAGNPS model, confirm a good or very good performance to simulate the peak flow and runoff volume at daily or event scale, in rainfall season. Also, the obtained results are a good indication of the validity of AnnAGNPS model to simulate runoff in irrigation to larger periods of time, for example irrigation season.
Introduction
Agricultural activities as part of the natural resource management practice impact soil and water quality at the watershed or catchment level (Wani et al., 2003; Twomlow et al., 2008) . Soil and water conservation practices also help in reducing the loss of chemicals in runoff and in maintaining water quality (Sahrawat et al., 2005; Berry et al., 2003) . Non-point source (NPS) pollution is an important environmental and water quality management problem, closely related with hydrologic behavior of the territorial unit (Arnold et al., 1998) . In this context, watershed is the basic unit of all research, development and policy-making activities related to water at present. Field monitoring is often used to evaluate and acquire knowledge of the impacts of management practices on productivity and environment. However, field research can be prohibitively costly and time consuming to perform across all possible landscape, climate, management practice, and cropping system combinations (Chung et al., 1999; Davis et al., 2000) . Computer simulation models provide an efficient and effective alternative for evaluating the effects of agricultural practices on soil and water quality at the watershed level (He, 2003) . Prior to this assessment, these models need to be properly calibrated and validated using hydrologic and water quality data of a basin. It is important to understand not only the level to which model prediction errors are affected by the precision of spatial input data, but also the mechanisms involved in these changes (Chaplot, 2005) . Given the multiplicity of hydrological models that simulate non point pollution, our selection for this study was for to the AnnAGNPS model (Cronshey and Theurer, 1998) , due to its features well adapts to our objectives. In addition, AnnAGNPS has been used and calibrated in variety of conditions (Baginska et al., 2003; Grunwald and Norton, 2000; Yuan et al., 2001) .
For this study, the main objective is calibrate and validate the AnnAGNPS model relatively to runoff and peak flow using five hydrologic years data, for the rain and irrigation season (only runoff), in a small agro-forestry basin under mediterranean climatic conditions.
Materials and methods

The AnnAGNPS model
Several available hydrologic models were evaluated and the AnnAGNPS model (Cronshey and Theurer, 1998) was selected as the simulation tool to be used in this study. AnnAGNPS model is a joint Agricultural Research Service (ARS) and Natural Resources Conservation Service (NRCS) suite of computer models developed to predict nonpoint source pollutant loadings within agricultural watersheds. Within AGNPS, AnnAGNPS is a continuous-simulation, mixed-land use, watershed-scale computer model designed to predict the origin and movement of water, sediment, and chemicals at any location in agricultural watersheds. The model estimates erosion caused by different processes such as sheet and rill, tillage induced gullies, classical gullies, and streambed and bank sources (Bingner et al., 2010) . In AnnAGNPS the catchment area is divided into individual slopes (so-called cells), which are directly connected to the river network by potential flow paths. The cells and any potential flow paths are defined automatically based on the digital elevation model (DEM). Each cell has homogeneous vegetation and soil characteristics allocated by the GIS interface based on the prevailing soil type and vegetation (Kliment et al., 2008) . AnnAGNPS input accepts five types of land use identifiers (cropland, pasture, forest, rangeland and urban), and only the predominant land use and management are used to represent each AnnAGNPS cell. Output parameters such as runoff, sediment, nutrients and pesticides are selected by the user for the desired watershed source locations (specific cells, reaches, feedlots, gullies and point sources) for simulation duration source accounting.
Watershed characterization and input parameters
Location of the watershed
The study watershed is located within the Idanha Irrigation Scheme, Idanha-a-Nova, Portugal, near the border with Spain and just north of the Tejo river (Figure 1 ). The study catchment covers an area of 189 ha; It is divided into 18 fields belonging to four farmers. About one third (31%) of the catchment is not irrigable and is now devoted to a young cork tree forest (10 years) (Duarte, 2006) . 
Soils
The major physical and chemical properties needed by the AnnAGNPS model for each soil layer include layer depth, texture, field capacity, wilting point, organic matter, pH, bulk density, saturated conductivity, structure code, soil hydrologic group and soil erodibility factor. Most of the soil types in the watershed are classified as silty loam. According to the FAO classification system (FAO, 1998) , the predominant soil classes are Cambisols and Luvisols, originated from deposits of the tributaries of the Tagus river. Other soil class in the watershed is Fluvisols, originated by alluvial deposits of the main creak that crosses the watershed. An impermeable soil layer underlies the three soil classes at approximately 0.4 m in depth, which greatly determines the hydrology of the watershed. Both the A and B horizons of soils across the catchment have a sandy loam texture.
Topography and watershed schematization
The watershed has 189 ha and 28 natural channels with density 12.2 m ha -1 and fluvial hierarchy of three levels. Altitude varies from 248 m, in a plateau north east, to 212 m at the control section. The slopes are between 0 and 4%, thus the topography is flat to slightly sloppy.
The resolution of the DEM is affects the delineation of watersheds which in turn would influence models' prediction quality Kalin et al. (2003) . Two DEMs with resolutions of 1 and 5 meters were generated by digitizing existing cartographic information at 1:2500 scale. Critical source area (CSA) and minimum source channel length (MSCL) are the input parameters to TOPAZ (Garbrecht and Martz, 1995) which controls the number and size of sub-watersheds and extent of the channel network, respectively. CSA is the minimum upstream drainage area below which a source channel can be initiated and maintained. MSCL is the minimum acceptable length for a source channel (FitzHugh and Mackay, 2000) . The selection of the combination of CSA/MSCL values that best represented the observed watershed characteristics were obtained by a trial-and-error process and the values adopted were 3.0 ha and 80.0 meters for CSA and MSCL respectively. Using these values, the study basin was subdivided into 28 subwatersheds, 67 cells, and 28 reaches (Duarte et al., 2005) .
Crops
In the Tables 1 and 2 we can see that, both winter and irrigation crops, has been a trend to an increase in the fallow area, most evident in the irrigated crops. This reality is explained in large part by CAP (Common Agricultural Policy) contingencies, and the support system to farmers inherent to this policy. The area values in percentage in the Table 2 , are calculated relatively to the agricultural area in the study basin, in other words, excluding the area of oak/grass. (Duarte, 2006) .
For the climatic file, eight parameters were required for each day: date, daily maximum temperature, daily minimum temperature, precipitation, dew point temperature, percent sky cover, wind speed and wind direction. Header data in the file included location latitude for estimation of solar radiation and daily precipitation over a period of 2 years. A value of 31.2 mm was calculated (Gumbel method; Gumbel, 1958) for the daily precipitation for a period 2 years.
The hydrological station A hydrological station was constructed and installed in 2004 at the outlet of the catchment (39º50'48'' N, 7º10'00'' W). The station consisted of a long-throated flume (with a triangular control section for shallow water conditions and a triangular/trapezoidal section for deep water conditions) designed and calibrated following the procedure described by Bos et al. (1991) . An ultrasonic sensor ("The Probe", manufactured by Milltronics, Siemens Milltronics Process Instruments Inc., Ontario, Canada) connected to a datalogger continuously measured and recorded the water level at the flume.
In summary, Table 3 lists the main input parameters commonly used in AnnAGNPS simulations. Calculated with measured data, from Ladoeiro data (INAG, 2008) , and the methodology described in Wischmeier and Smith (1978) .
Comparison with the 24 h rainfall distribution curve calculated with the data from Ladoeiro station (INAG, 2008) Gumbel method (Gumbel, 1958) applied to the data from Ladoeiro station (INAG, 2008 
Statistical indicators used in the calibration and validation
Model performance was evaluated by qualitative and quantitative approaches. The qualitative procedure consisted of visually comparing in data-display graphics the observed and simulated values. The components runoff and peak flow of the model were quantitatively evaluated by the Nash-Sutcliffe Efficiency Index (E) (Nash and Sutcliffe, 1970) , Correlation coefficient (r), Root Mean Square Error (RMSE), and ratio of the RMSE and standard deviation (RSR); various authors used these statistical parameters (Krause et al., 2005; Legates and McCabe, 1999; Cohen, 2003; Moriasi et al., 2007) At Table 4 we can see the classification of model efficiencies for the different statistical indicators. 
Results and Discussion
Calibration of the AnnAGNPS model
The SCS Curve Number is the most important factor for accurate prediction of runoff. Many studies ranked CN as the most sensitive parameter, which resulted in high output variations (Shrestha et al., 2006; Sarangi et al., 2007; Grunwald and Norton, 2000; Bosch et al., 1998; Mohammed et al., 2004) (Table 5) were selected based Technical Release 55 (USDA-NRCS, 1986), by considering hydrologic soil group and cover description (hydrologic conditions that affect infiltration and runoff, treatment on the fields, and cover type). In this study, as well as many others, calibration was done manually, but in systematic away, in order to select values for the parameters so that the model closely simulates runoff and peak flow (Mohammed et al., 2004) .
Rain season
In this study, calibration was performed manually to select the parameter values so that the model closely simulates runoff and peak runoff rate (Mohammed et al., 2004) . The calibration and validation of AnnAGNPS used data from the climate station available and it was performed through selection of individual significant and well identified peak runoff events at the daily scale. In these events, the baseflow is relatively smaller than the superficial and sub-surface flows. Studies indicated that baseflow separation analysis in some watersheds indicated low value (weighted average) base flow of the total direct flow (Kyoung et al., 2005; Li et al., 2006) . Between October 2004 and April 2008, 28 events were selected and were alternately grouped into calibration and validation (Table 6 ). The superficial runoff dominates the hydrological response of this basin during the most significant events. The calibration parameters for runoff volumes are listed in Table 7 
Irrigation season
The hydrologic behavior of the basin in irrigation season, under sprinkler irrigation systems mostly center-pivots, is much influenced by the proximity of the irrigation machines to the natural drainage network (Duarte, 2006) . In a small irrigation basin, the hydrologic behavior is, consequently, much sensible by the irrigation practices, for example the irrigation scheduling and application depth; at this territorial scale, these irrigation parameters can present a considerable variability (Lorite et al., 2004) .
By comparison of the observed and simulated runoff in full irrigation seasons (Table 8) , we obtain statistical indicators higher than the same values verified for the rainfall season, although to be a data set lower than of the rainy season. Nevertheless, this is a good indication of the validity of AnnAGNPS model to simulate runoff in irrigation to larger periods of time, for example irrigation season. The values of statistical parameters obtained in the calibration, were the following: 0.841, 0.833 and 0.218, for R 2 , E and RSR, respectively (Table 10) . These values make up a good or excellent capacity of AnnAGNPS model to simulate the irrigation return flows, at season time scale, as we can also observe in the Figure 4 . 
Validation of AnnAGNPS model
Some of calibration studies of hydrologic models, use data set for a continuous time period for calibration, and other data set for validation (Kliment et al., 2008; Poliakov et al., 2007) .
Given the randomness climate, especially in Mediterranean climate, we can have systematically low values in one of the continuous periods of time, and systematically high values in the other of the continuous periods of time. To prevent this situation, we were randomly selecting the values to the data set used in calibration and used in the validation. The data analysis in the Tables 10 and 7, allow concluding the better results obtained in the calibration than in the validation, but conforming the validation as good. The values are for the runoff volume, 0.721, 0.679 and 0.546, respectively for the statistical parameters R 2 , E and RSR. Das et al. (2007) in a similar study obtained an E value very similar (0.690); in the other hand, Mohammed et al. (2004) and León et al. (2004) , in their studies achieved better E values (0.860 and 0.810, respectively). We can note, from observation the Figure 5 , a higher dispersion of the observed and simulated data, than in the Figure 2 relating to calibration.
We can observed at Figure 5 , as others authors have noted, at the beginning of the wet season runoff was generated by the AnnAGNPS but not observed in the same magnitude; this may depend on a defective model update of the antecedent moisture conditions for each rainfall event in those periods (Licciardello et al., 2006) . Respects to the peak flow validation, the values of statistical parameters are 0.742, 0.676 and 0.548, to R 2 , E and RSR, respectively. These values, except the RSR value, are slightly lower than the values obtained to the calibration, not calling into question the performance of AnnAGNPS model to predict the peak flow in isolated events. León et al. (2004) and Mohammed et al. (2004) calculated very similar values for the E parameter, 0.650 and 0.690, respectively. A lower performance was obtained by Nigussie and Fekadu (2003) in a small basin, where the E value was 0.340. Similarly as others authors (Shrestha et al., 2006; Haregewyen and Yohannes, 2003; Babel et al., 2004) , we achieved in our study the tendency to the AnnAGNPS model overestimate the peak flow in the big events.
Observing the Figure 6 , we can find a reasonable adherence between observed and simulated peak flow values. The results obtained in calibration and validation of the AnnAGNPS model, confirm a good or very good performance to simulate the peak flow and runoff volume at daily or event scale, as others authors have concluded in their studies (Taguas et al., 2009; Licciardello et al., 2006; Bhuyan et al., 2003) . In the other hand, also the Curve Number methodology (USDA-SCS, 1986), show an adequate capacity to predict the runoff volume in experimental conditions, after well calibrated. However, Yuan et al. (2001; in AnnAGNPS applications to the small Mississippi watershed better results were achieved for monthly and annual runoff volumes with respect to the corresponding event scale estimations. 
Conclusions
After this study about a very important question, that is the selection and calibration a hydrologic model that simulates the non point source pollution originated by agriculture, more dangerous in irrigation agriculture, it´s possible to extract some conclusions reported bellow.
In the studies where the hydrologic aspects are very important, as the studies of non point source pollution at watershed scale, it come decisive the existence of good topographic information to made a DEM with proper vertical resolution, related with the study area. Usually, in the small basins, like our study basin, the hydrologic behavior is conditioned by the superficial runoff, namely when exist an impermeable soil layer.
The model AnnAGNPS appears to be a suitable tool for predicting non-point pollution due to some biogeochemical fluxes in irrigated agricultural watersheds. The experience on applying AnnAGNPS makes us think that the principles that support the model keep balance between complexity and applicability. Runoff and peak flow could be simulated in the study watershed reasonably well. Likely, a calibration of the parameters of the runoff sub-model would improve the performance of the model, but its inability to simulate base flow is a limitation inherent in the model.
Although the calibration of the AnnAGNPS model is based on only five irrigation seasons, the obtained results are a good indication of the validity of AnnAGNPS model to simulate runoff in irrigation to larger periods of time, for example irrigation season.
Except for the soil use oak/grass, the Curve Number values of all soil use goes to the extremes values of the interval range; these are the results verified with the methodology applied in this calibration. In future development of this study, is our intension use a methodology more accurate, like PEST algorithm, to confirm this tendency.
